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(2) 

1 

[M*9U] KfcMrtCKJSBtfXtM&U ttfiT 
T, m^y7 7®<D-f&$:?jK GaiAli-iN «&L 
[89**2] S^O±lc, -JS^GaiAh-iN 

({& ixbo<x^ i <Dm®-v&z>* ) Tssn*/^ 
[«f*«3] afls*U9A*fl:.-&«i¥*#ro±i^ - 

jRi^GaxAh-iN <{BUXteO<X;£ 1 GO$£fflT& 

* 7 7 H©±^SSYt^ U S A*ft-&tt*»#fc*«S* 
1 EUOfifc^U 9A#fbtf«¥«tt«>l6aiJ* 

[»W®mBttIB0!] 
[0 0 0 1] 

asicsiu <*ica»tt©«n^sgft:*y!>A**s»#fl: 

[0 0 0 2] 

^4fc¥*g#> — [O a i A 1 a - 2 N (m 30 

U XteO£X;£l COSMIC ] OWfiRJE^-f 

x^^nrv^. ffi{t^u»>A*ft^«¥a9#©«s 

£££^9 0 1 0 Ot^MT^LT, S« 

«*«GaN:th^^*;WH&JSfiS1i' 
IIIl&tf;*£LThU;*^V#y SAi:, V 40 
£ LT7 >^B~ <h £o 

[0 0 0 3] ^©«fc«5HUTJ«ftS^fcaft*U9A* 

[0 0 0 4] MOCVDftS:fflV>W7<7i 



^^^4 - 2 9 7 0 2 3 

2 

[0005] ^©cfc^/ji^^^-r^^^!^ afc^ 

5 {Appl.Phys.Lctt 48, (19S6),353, (7 ^7^ H 7 
l/^-X4 8i, 1 9 8 6f, 35 3 
fccfctf!ftB§¥2- 2 2 9 4 7 6**4M&} c C©^S 
te, -tJ-7 7-Y7£fi±lC, flcfija«4 0 0-9 0 0"C(D 
Jfi0#3 0 0 — 5 0 0t>^hD-A©A 1 
N0Ay 7 7JI£f£tt£fc<2>T&>&* ^G^Ste/*^? 
7/ST&3A 1 NJH±»wGaNSrfiR;*$-lt-5)Ctm:o 

[0 0 0 6] 

[ JB W L J: 3 i HWB U rt» L ^ ftJHiB^^ 
jp£ 10 0- 5 0 0*>?7, hn-At^SliW^lRiffl 

sa^k^y ^A*fk^ft^*#©jBatt^<fcc/^riR^7 

[0007] ^agwarcD^a^wis^a^T^snit 
t>©T»t), ^©ewt*r^.^^5iiA^77®±tr^ 
ttssfctf u o A*ft-&tt¥W<*cDjgstt^ 

[0 0 0 8] 

&{Jtt&U fiflTJ«*Si*SA^7 7JgO±lC, Sit 
y»>A*ft*«*W#©*iJl*JS*S 
i*£;S&T$>oT, !tE/t^77H©-jRa*«GaiA 

i>-xNTr**ti«j:ait»«fr* , 6)OT»*. <su 

X13 0 <X^ 1 (D(BfflJCl*36StT«. 

[0 0 0 9] luE^y 7 7Jg£>jft2l3;0. 0 0 2 /im£A 
_h, 0. 5 m m^JCFs $e>ic»*u<«o. 0 1-0. 
2 Mm<D«SlttllcaS«*r-5. £#0. 02/imckO 

«K, 0. 5 um^^m^t, ny77M<D±.\Z 

^•r*sft»y»>A*ft'&tt*w*otts©affi j E7 

[0 0 10] *^StlE^^77H©ricB:ia«^2 o 0"C 
J£A_k9 0 0*0 BUT* !f*L<IJ4 0 0-8 0 CCttffiffl 
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3 

\zwntt*. 2 o ox^Dffiv^ rtyyrmw&Xs 

tft^TLSK OTC^^A77 7li:lTOM 
[0 0 11] 

[ffffl] HlfcGaiAh-xN (0<X^1) *KyV 

[00.12] tu^TA 1 N$A777-iiUTSfk 

Solid Films. 163, 0988), 415 (y* > VU^H 7 
j )VJ±X 16 3i, 1 9 8 8*, 4 151) , te&tf 
Appl.Phys.Lett 48, (1986) . 353 (TT^-f F y J 7U 
V*-X 4 8^, 1 9 8 6*, 3 5 31) ^ 

izBL<a^&nT^**«, ^nzcDicMizmmztiT 

[0 0 13] (*tl 6 0 0*0 TJS**-&3A 1 Nil 

iz*ts»ft-r&. w»wfc#i8»ftufc«»^ i oo 

[0014] *»W©i5tGaxAli.iN (0<X^ 
1) £/^7 7B£LT^J«Lfc«££t£*CDA 1 N 

&a* v y 7m t vftmtttttvrr % t«T<o«fc z> \zuz 

[0 0 15] if^^77li:l/T> PJ7LtfX = 1 COG 
aN^MTS^^^^L GaNOftSttllO' 
0TCT*0. A 1 NOJBjRttl 7 0 0t;T$>£c ITOfc 
£>6 0 OtTG aNOAy77it»*tfti, ;b7 

A f ^77i^±l:GaNOX^^yt;^^ItS 
fc*IC 1 0 0 OttTtl&i^i, GaN«D/b7 
7Btt»»»(C#«ft{fcL^ A 1 N^^77ltU: 

[0 0 16] l^t>AIN€;^77liUTML& 



(3) W4- 2 9 7 0 2 3 

4 

® A7 7 7^GaN^T, ^OilCG a NCOX fcT 

[0 0 17] H±©^tS»Et<E»fcft, AIN, G a 
o.sAlo.oN, GaN©3ffiS©Ay77l£6 0 0"C 

T*n^n*7 7-f 7S«.fcfc»«u ^co±in o o 

G aKX.\Z9*is*)\,m<Di?'?)V9VX9)V 
XmUy*>tfUy*r>lf%'-7<D¥mfr (FWMH : 
full width at hal f -maximum) y 7—fB<Df!&J$t 

©BIS?£*^SI^3 \zm~t. FAVMHli/J^l^i: 

[0 0 18] H3 Sl^-rcfc^tZG aNt/V; 7 7)g£ L 
T»«Lfc*^ ffilrVty 7 7JB©«MITtSfl,ft*« 
G ao. s A 1 d. b NMi-tO + Mll&ffU ±f£#*£ 

^ [0 0 19] 04-0 7 IC, -*yy(y&tiL±\ZM8c. m r 
&G aNA'7 7 7»©RJP£**., 2 £> tr*-©-hfc:G a 
NeDXhT^v-WWB^ tfmj*fi£li:fc*£©, Ga 

Nif^y^ ;pjB(DSscD«is &»rm««KB * 

^T. E14^£I3 7£T«I::, A>;;77JgJP2te0. 0 
0 2jt£rru 0. 0 7 < ixm> 0. 2 0 Mm, 0 urn 0'\y 
77Sil) T&*. 

[0020] ^neoia**Tt>»^s<fc^^ ;ty7 

y77B^St5RO*ftl:'b«l;S^ ;b77Ht 

1 7 * n 3;—) • #sjb < fx * #fR] * * . U^oT»* 
Ll^Ay 77/g©JP£l*0. OlMm^y. 2/imCD 

[0 0 2 1] afc**^03Bft«**StZJ:«nu;7 7 
B», •tf-7T^7**±«l*Ttt<*fc*UOA*fl:-& 

»**#©xt;^*i/^;vB*#"r*eT*titf, £© 

B£?BJSLTfc«fc^. MiL«n£!G a NX ;V 
B©±fc. pS^SttTSSMg^H^nfcpIG 
40 aN©Xlf**5/*JWS&jej*L&V>*& % WEnSG 
aNxtr**^*;VB©±KA*77B£*BJ*U -to 
/V; 7 7l§©±l:piG a NX W + y t;WI£«fi$ 

[0 0 2 2] 

50 ?HB*0«BBfc^^Ta^<Z)a8SS:JlUA*Cl 
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5 

So 

[0 0 2 3] H8(ca%faW*fflViT«ft*U9A*ft 
tailftWl] TE0I8W7 7-f 7ISIIG a NCDI 

— 2£>±lC®H2-£c 

© ^ICIH::/^ — 2MS^5 0 Or^TTifT, ft 

&^4fr%y>^-7tf7,hmtfs^\ZMX-~C* TMG 
(MM^VtfU^) #X&2. 7X1 0" B ^e;i// 

it^Sc ZZ-cmmO. 0 2 nmtDrtyy ySA^fiJcT 
£10 0 0TC£T±»Si|-<&. 

© U-t^-2 0M)5«l 0 2 0 , C^T±#Lfc^:> 
SMX^f4^f > 7> : £^7^ ^Hz^XICiDA 
T, TMG^X^B. 4X1 0" B Wi)©iit6 

piCLT-9-7 7^7S«±IC, RJgO. 02^m<£Ga 

[0 0 2 4] [tk(ft«l] ®®ny7 7l*Mm 
SlCiSHT, A1NO;V;77)I ! £0. 0 2^m^MJ¥ 
TMI'^P^Ii, tm&lZlsXA 1 NA f 7 7 



(4) W4- 2 9 7 0 2 3 

6 

KJt^XPa»«4^e»7>^-7^Xa:H l ^XlCinA 
T, TMA (HJ;*^;K7;i^~£A) £2. 7X10 

[ 0 0 2 5] Jfii«*-;VMffi**iiTfTK *»58tc 
J;^)G aNxkr**>"WVBi> J±«0O 1 H G a N 

*»WttH9, JtttflBHl 0, 4t'J7M«a & 

[ 0 0 2 6] y>K-^©*g»€r«fib/t*^tt+vU 

< ^ £ £ 

[ 0 0 2 7] *«BlfcJ;*GaNli, ^tU7i8W4 
x 1 0 16 /cin 3 , #SbJ£ 6 0 0cn 2 /V-sec£#St::J;U 
ffiS^T. — AlN€^y77BiUfcJtlWl 
^t'JTiSfj&nxi 0 1s /cd 3 , 
-20 3KJ9 Octf/V-secT&ofc. 

[0 0 2 8] [*J6fl|2] ffiO/ts/77i^t5I 
j&lC&^T* Gao.jAJo.5N©;V;77JBfeO. 0 2 

777i©±HGaNxt:^^yt;H^ML/:. 

^X7#X£* HatfXICin^T, TMG^2. 7X1 
0" E W^ TMA£2. 7X10' 5 W^n 
fno. 5»Mfltbfc. uOGaNX^^tMfc 

30 \s, &rzmwL&mm\z&z&^7*Bis--\znffimi 

[0 0 2 9] [*i6W3] ©tC^^TAy^r-HcDjac 

fe. I0GaNX^^ytJHt)»7*D'>Ht 
««lfcH* X»oy*>y*-:*B¥ttrtJtt3# 

[0 0 3 0] [*»W4] ©lZ*JliT^^77-BOJ* 

gtass:8 o ox:tt^m\t. mmmi tmwzhxG 

aKxV**>>*r)im£:J$L&lsfto EOGaNXt:^ 

[ 0 0 3 1] ©OAy7 7JB*»St*I 

Bfc;BUT* *K«2 £H«©*#T, Gao.sAl 
d. 5 N©;V;77I£0. 0 2 MmO^JPT^U ® 
50 ^^^X«l^1l : 4^b7>^^7^X<hH 2 
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HXlZtQ&T* TMA#X&2. 7X10" 8i E*/», 
TMG^^2. 7X10- 6 W«^IT6 05^ 

*7 7^7Sfi±l:, K»0. 02//m©Gao.iAl 
o. 6 NA'y T7 7 Ht» -^<D±lC4 p. m<E> G at. s A 1 o. b 
Ni^^^ytJVi^^^^Co ICOG ac-.sA lo. s 

[0032] [|$jfi^j6] ©icisviT, yy^—y-ft 10 

X> H 2 #X, *J;i;TMG;»;*t;:llD*.T, Cp2Mg 

Mg$ F**!/l/T, pS!GaNX^^iFytM^4. 

7S^±iC, WJIO. O2/xm0GaN;t9 7 7* 
CO±l-Mg£l O 20 /nm 3 K— ^Lfeif 4. O/zmCO 
pffiG aNXfcr^^*;]/Ji£/&^$1*fc. CICQpgiG 

il^T&O* ^t'J7M2. OX10 16 /cb 3 , 20 
^ > * JUW^ttSl±*^fif l'«tlT Z> Z£&tt, UTVi 

So 

[0 0 3 3] [*ififl|7] **«lTfffc«J?4tfmO 
G a Nxf ^^->«v;VJl^±lC, l^#J6 £[^*tllCU 

g £ 1 0 2C /cid 3 F-yt^f 4. O^mtDpiGa 
NXtf^^ytM^MSt^. ilOp^GaNXtr 

^^U7»ffl3. 5 x 1 0 16 /cm a > f£gM£8. 
Bctf/V-sectWUX pSI^ii^^LfCe 
[ 0 0 3 4] [*KSM8] (Dlr&^T, 7>tX7^ 
X> H 2 #X> ^<klXTMG^^lCjn^LT, (S 

1 HO tfX&SSUfttfeu GaNXW^->tJW: 
niOT^T$)^Si^H^lT> 4. O^mCD^ 

\Zs mmo. 0 2/zm^GaNA777E -^CDJilC, 
Si^l 0 20 /cid s F-7Litmm4 jimVnmG a 

»D, *tU7Ml. Ox 1 0 19 /cin 8 £#3ti;:i5u> 
^tU7iQI^L^ 
[0 0 3 5] [Jt«M2] A 1 N©;t-;77B& 0. 0 

2 i£m©»*T»j«+&H*Mi* *««8tN«(CS i 

77W>V>±\Z, £ ^{14 /imCOniGaNXH^^t 
JWB*J&S$'&&. :0nIGaNxW*^tJH 
ft. ^t078S^5. 0 X l 018/cn s T*O, Jtt8 



#Bg¥4-2 9 7 0 2 3 

8 

ftTffi< fcoTH* en*. 
[0 0 3 6] 

[3693 03&*] a±||19!Lfc ( fc5IC, GaxAli-xN 
(0<X£ 1) *;t^77(gi:Mt*r t^J:-? 

^winiRurs. »n<0*-;nn 

SIC^ViT, »»fl[6 0 0cB 2 /\'-scciVi5ffili % Sfc 

# y ■> ^*ft^«#»(M*ttTJi*'bff nfc«-c«*. 

fi^-e-SMg^K-^bfcGaNXtT^^rS/^jVJB^ 

ft<3&31t>4SLlc pfflfc^-r. rn«±<«D«>Tori 

S« £rz J t<DKy7rm±\Z!$.&2l£2>S i * H— ^L- 
fcniGaN^ A l N*/1^77©tbfcfe©ICifc« 

it, #««cKv»*-frU7aK*3S-r. £e>ic*fc* fie 

»>xA-o«iaft«-r««»BB!. 
[isi 2 ] «(o^i^iU5xt:^^vt;^ 

[IS 3 ] G a NxW*y^;Hg©^;^ U^^Jl/ 
X^in->^>yD^^>^— ^co^ffirH (FWMH) 

Ay77-IB©JBPi©M«&«t0. 
[SI 4] G a NXK# M©a*©i»Mt 

[B5] G a Nxb?^*5/t*B©8*0»»Mt 
'■HURRAH. 
[06] G aNxbf^*^^JVjBO«Sao«JSl«:*-r 

[IS) 7 ] G a Nxk'^^y tMO^S^il^t 

[08] *&mz«m L&8B©«#«ligtf BH. 
[EI 9] **?BCJ:*GaN»*©*-;HB*l8*H 

[HI 0] «£*air«k-6GaNjeao*-;i.»J5EIS* 
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